Thrombosis of arteriovenous fistula (AVF) is the leading cause of vascular access (VA) loss usually due to silent stenosis. Therefore, assessment of relevant risk factors of VA monitoring may provide insight into potential therapeutic targets for stenosis and thrombosis. The aim of this study was to evaluate the influence of cardiovascular risk factors (including inflammation and mineral metabolism dysfunctions) on the failure of internal AVF in HD patients. 128 HD patients with internal AVF were included in the study and followed up for two years. At baseline, VA morphology and function were followed by Doppler ultrasonography and serum albumin, prealbumine, C-reactive protein, orosomucoid, calcium, phosphorus, parathyroid hormone, bone-type alkaline phosphatase, osteoprotegerin and receptor activator of nuclear factor κ κB ligand were measured. At baseline, 50 stenoses were detected but none of them required any intervention. Age and biological parameters did not significantly differ between patients with or without VA stenosis. Over the two year-follow up, VA thrombosis occurred in 19 patients. Preexisting stenosis of VA was present in 9/19 patients (47.3% of cases) (chi-square = 3.708, p = 0.0538). Despite the low rate of events, phosphorus [1.75 (0.95-2.77) vs 1.42 (0.47-3.22 ) mmol/L, p = 0.0416], Calcium x Phosphorus product [4.00 (2.00-5.90) vs 3.40 (1.10-6.80) mmol 2 /L 2 , p = 0.0676] and parathyroid hormone [165.00 (1.00-944.00) vs 79.50 (1.00-846.60) ng/L, p = 0.0814) levels were higher in the 19 thrombotic patients whereas all other biological parameters did not significantly differ. These results, which confirm that VA thrombosis occurs more frequently upon preexisting stenosis, also demonstrate that mineral metabolism disorders, compared to inflammation, may contribute to VA dysfunction leading to thrombosis. (J Vasc Access 2006; 7: 77-82)
INTRODUCTION
Vascular access dysfunction is one major cause of morbidity in the hemodialysis (HD) population being responsible for approximatively 20% to 24% of all hospitalizations in the end stage renal disease population (1, 2) . Thrombosis is the leading cause of arteriovenous fistula loss occurring in about 80% on a silent stenosis (3) . Surgical technique of implantation, nurse handling and clinical practice are known to affect survival rate of arteriovenous fistula (4) .
Despite the clinical relevance of this problem, it is frustrating to see the poor effectiveness of preventive treatment and/or preemptive corrective intervention on thrombosis rate. Therefore, assessment of relevant risk factors for internal arteriovenous fistula by vascular access monitoring may provide insight into potential therapeutic and earlier treatment for venous stenosis and thrombosis. Stenotic lesions of internalized arteriovenous fistula vascular access exhibit neointimal hyperplasia in the venous outflow system (5) consisting of vascular smooth muscle cell proliferation, endothelial cell activation, extracellular matrix accumulation and angiogenesis (5) (6) (7) (8) , similarly to HD-induced arteriopathy (9, 10) . Thus, one can speculate that in addition to local flow disturbances, stenotic lesions of internalized arteriovenous fistula vascular access may share same pathogenic mechanisms as those resulting in HD-induced accelerated atherosclerosis. Systemic factors linked to end stage renal failure or HD process such as inflammation (11) , dyslipidemia (9, 12) , oxidative stress or hyperparathyroidism have all been implicated. In particular, disturbances of calcium and phosphorus metabolism may play an important role in facilitating uremic vascular disease and calcifications. Vascular wall thickening in renal failure seems to be modified at least in part by the hyperparathyroidism of these patients (13) . In experimental studies, a direct effect of high phosphorus diet in arterial wall thickening was also reported (14) . Furthermore, increased calcification of coronary atherosclerotic plaques and of the media of the aorta and some peripheral arteries has been largely documented in this population. Thus, the aim of the present study was to evaluate the interest of vascular access monitoring by Doppler ultrasonography and to analyze the role of systemic cardiovascular risk factors including inflammation and especially mineral metabolism indexes on the failure rate of internalized arteriovenous fistula vascular access in a cohort of HD patients over a two year-follow up period.
METHODS

Study design and Patients
The influence of inflammation and hyperparathyroidism on the occurrence of vascular access failure was evaluated in a cohort study of 128 chronic HD patients with internal accesses (either native (114 patients) or polytetrafluoroethylene (PTFE) graft (14 patients) arteriovenous fistulas) and treated in three dialysis centers from the Montpellier area (the Lapeyronie University Hospital, the AIDER and the CHLM centers, Montpellier, France). The study started after all patients gave informed consent. All patients were on HD since more than 12 months; 24 patients were diabetics. The median age of patients was 67. 
Laboratory measurements
At the beginning of the observation period, blood samples were collected, centrifuged and stored at -80 °C for biological analyses. Albumin, prealbumin, high sensitive C-reactive protein (CRP) and orosomucoid were quantified by immunoturbidimetric method (Olympus apparatus, Rungis, France). Calcium (Ca) and phosphorus (PO 4 ) were assessed by colorimetric method (Olympus apparatus, Rungis, France). Parathyroid hormone (PTH) was measured by immunoradiometric assay. Osteoprotegerin (OPG) and receptor activator of nuclear factor κB ligand (RANKL) were determined by enzyme linked immunosorbent assay (ELISA) (Biovendor Laboratory Medicine, Brno, Czech Republic and Quidel Corporation respectively). Bone-type Alkaline Phosphatase (b-ALP) was measured by immunochemiluminescence technique (Access Beckman Coulter, Villepinte, France).
Statistical analysis
Continuous variables were indicated as median [min -max] because all variables were not normally distributed. The comparisons between patients with or without failure of vascular access were performed using Chi-square or Fisher Tests for qualitative variables and Mann-Whitney test for quantitative variables. Significance level was set at p<0.05.
RESULTS
Patency of internal arteriovenous fistula vascular access at baseline
From the 128 Doppler ultrasonographies (mean blood flow access Qa = 863.8 (260-2000) mL/min), 50 stenoses were detected, 16 being present on the proximal segment vein, 2 on the anastomosis and 32 on the distal segment vein (Tab. I) but none of them did require any intervention. Interestingly, none of the systemic parameters including inflammatory and mineral metabolism markers were significantly associated to stenosis (data not shown). In addition, gender, age, diabetes, smoking habit, hematocrit, time spent in HD and dialysis efficiency (Kt/V) also did not significantly differ between patients with or without vascular access stenosis (data not shown).
Stenosis dramatically impaired vascular access after two years
After a two year-follow up period, failure of vascular access was registered in 19 of 128 patients. Among these 19 patients, 9 were previously presenting stenotic lesions at baseline corresponding to a 47.3% thrombosis occurring upon preexisting stenosis. Interestingly, all of the preexisting stenoses were detected on the distal segment vein (chi-square = 3.708, p = 0.0538).
Influence of cardiovascular risk factors on vascular access failure
As shown in Table II 
DISCUSSION
Hemodialysis vascular access dysfunction is the single most important cause of morbidity in the HD population. It has been estimated that vascular access dysfunction was responsible for approximately 20% to 24% of all hospitalizations in the end stage disease population at a cost of $1 billion per annum (1, 2) . Therefore, determination of relevant risk factors for vascular access failure may provide new insight into vascular access monitoring. In our study, we investigated the role of vascular access stenosis and systemic vascular risk factors (inflammation and especially mineral metabolism indexes) as indicators of vascular access failure in a cohort of 128 HD patients. We confirmed that near of 50% of vascular access failure occurred upon preexisting stenosis after a two year-period of follow up. In contrast, we reported that parameters of mineral metabolism only, including phosphate, Ca ϫ PO 4 product and PTH, did influence the failure of vascular access after two years whereas inflammatory markers did not change between the two populations of patients. This study confirms that regular vascular access monitoring by ultrasonography provides a sensitive tool to detect asymptomatic venous stenosis and to anticipate thrombosis. Ultrasound, a non-invasive mean of detecting access dysfunctions, is sensitive in detection of vascular access stenosis by giving both morphologic characteristics and blood flow consequences. Ultrasound is also useful in the evaluation of other anatomical fistula abnormalities, such as pseudoaneurysm, steal syndrome, or infected thrombosis (15, 16) . As a part of quality insurance, the regular monitoring and imaging of vascu-lar access is required to improve access survival and outcomes (17) . Curiously, reduced access flow was not predictive of thrombosis events. In only 3/9 stenoses that led to occlusion (33.3%), Qa was below 400 mL/min. This result suggests that reduced access blood flow is not always associated with stenosis or predictive of thrombosis. Such findings are in agreement with recent data of Ram et al who reported a randomized controlled trial showing that blood flow surveillance of PTFE graft (Qa) and stenosis detection did not improve graft survival (18) . Interestingly, all stenoses detected in our study and leading to occlusion were located distally on the vein and not proximally or close to arteriovenous anastomosis as it is usually reported (4). Interestingly, some authors have suggested that distal stenotic lesions may be attributable to calcium overload especially in diabetic and in long term treated HD patients (P. Bourquelot, unpublished data). Focusing on this aspect, as well as the fact that calcium phosphate deposits into stenotic lesions, as observed by Olsson et al (19) , we can assume that vascular calcifications may strongly participate to the patency rate of vascular access (20) all the more because arteriovenous fistula is now well recognized as a model of atherogenesis (as reported by Zou et al in mouse, 21) . Therefore, we further explored the role of calcifying factors in-
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Mineral metabolism and failure of internal vascular access volved in the atherosclerotic plaque process (especially mineral metabolism indexes and inflammation) on the failure of vascular access. The relationship between secondary hyperparathyroidism of HD patients and accelerated atherogenesis, has been suggested by several authors based mainly on clinical observations (13) . Vascular wall thickening in renal failure seems to be affected by parathyroid hormone (PTH) level (13) . A direct effect of high phosphorus diet in arterial wall thickening was also reported (14) . Our study shows that high concentrations in calcium and phosphate may play a role in vascular access failure. These data are in agreement with the results of Grandaliano et al (22) who identified significant differences in phosphorus, Ca ϫ PO 4 product and PTH concentrations between HD patients with or without failure of vascular access. Since it has been recently suggested that vascular calcification, a major prognosis factor in HD patients (23) , was an active phenomenon secondary to vascular smooth muscle cell transdifferentiation in osteoblasts, we then decided to explore the regulatory factors of such differentiation, the OPG/RANKL system. Indeed, OPG and RANKL have emerged as a key agonist/antagonist cytokine system that regulates important aspects of osteoclast/osteoblast formation (24, 25) . RANKL increases the pool of active osteoclasts by activating its specific receptor RANK located on osteoclastic cells, thus increasing bone resorption, whereas OPG, which neutralizes RANKL, has opposite effects. RANKL and OPG are produced by bone marrow derived stromal cells and osteoblasts and are regulated by various calcitropic cytokines, hormones, and drugs. Interestingly, it has been shown in general populations that increased levels of OPG was associated with an increased rate of cardiovascular mortality due to vascular calcifications (26) . Regarding the influence of these bone markers on vascular access failure, no association between calcification related-proteins, OPG or RANKL, and thrombosis of vascular access was identified in our study. Finally, we explored the role of inflammatory markers on vascular access failure. Indeed, chronic micro-inflammation, as testimony by elevated CRP, is a common feature of HD patients predicting progression of coronary atherosclerosis (27, 28) . In this context, it has been shown that inflammation conspires with malnutrition and atherogenesis leading to the MIA (malnutrition, inflammation, and atherosclerosis) syndrome (29) . This association was premise to our hypothesis. Therefore it was expected that CRP and nutritional markers (albumin and prealbumin) would strongly influence fail-ure, at least stenosis, of internalized vascular access.
Results of our study are not substantiating this hypothesis, since neither CRP nor orosomucoid, another inflammatory marker, were associated with access failure. To our knowledge, it is the first time that the role of micro-inflammation such as CRP on incidence of native fistula thrombosis was explored, except a report of an association between high plasma fibrinogen and vascular access failure (30) . Malnutrition markers did not influence the prognosis of internalized vascular access as well: no association was observed between failure of access and serum albumin or prealbumin levels.
In conclusion, these results confirm the fact that failure of internalized vascular access occurs usually after preexisting stenosis. Disorders of calcium and phosphate metabolism may actively contribute to vascular access dysfunction whereas inflammation is not associated. Further studies are needed to understand mechanisms by which calcium and phosphate metabolism disorders impaired vascular access survival.
